The vitamin A status of lactating women, its effect on the vitamin A content of human milk, and the adequacy of human milk as a source of vitamin A for the infant were assessed, comparing data from developing countries with those from developed countries. The vitamin A concentration in breast milk during the first two weeks of lactation is nearly double that at one month. It is even higher in preterm milk than in term milk during the first several months. Human milk alone provides sufficient vitamin A to prevent clinical deficiency throughout the first 12 months of life, even in presumably more poorly nourished populations in developing countries. However, it is not sufficient to allow liver storage after about six months of lactation.
Introduction
Vitamin A deficiency is a major public health problem in many developing countries, outnumbering all other causes of blindness in children [1] . It is estimated that it afflicts 7% of all children under the age of five years [2] , and countless other children have vitamin A depletion, a condition associated with decreased resistance to infectious diseases and increased mortality [3, 4] . The World Health Organization (WHO) estimates that worldwide one child dies needlessly from vitamin A deficiency every minute [5] . For these reasons, elimination of the disorder by the year 2000 was targeted in the Declaration on Children endorsed by political leaders around the world at the World Summit for Children held in New York in September 1990.
Most newborn infants have a marginal vitamin A status, and those who are born early and/or whose mothers have inadequate vitamin A intakes appear to be at particular risk [6, 7] . In many growing children, reserves can maintain optimum levels for no more than a few weeks. This underscores the importance of adequate vitamin A in breast milk, and the fact that infants and young children, if not properly nourished, can rapidly develop the signs of deficiency.
Although the concentrations in human milk depend on the mother's vitamin A status, vitamin A deficiency is rare among breast-fed infants, even in parts of the world where the deficiency is endemic [8] [9] [10] [11] . The protective effect appears to continue after breastfeeding is discontinued, presumably because some of the vitamin provided by human milk is stored in the child's liver [12] .
To facilitate the integration of activities promoting breast-feeding with programmes to prevent vitamin A deficiency, I reviewed the relevant world literature from the last 40 years, compiling information on the vitamin A status of lactating women, its effect on the vitamin A content of human milk, and the adequacy of breast milk as a source of the vitamin and also assessing the impact of mothers' supplementation on the vitamin A content of breast milk and on the health of women and their infants [13] .
Methods
There is wide variation in the terms used to describe vitamin A activity and in the units of measure used in published reports, making comparison among studies difficult. For example, vitamin A activity has been reported as vitamin A, as retinol, as carotene, as ß-carotene, and as carotenoids. Units of measure include micrograms, millimoles, and international units, and these are reported per millilitre, per decilitre, per litre, per cubic centimetre, per gram, and per day.
To facilitate comparison, all reports of vitamin A activity in the diet and in milk were converted to retinol equivalents (RE), which adjusts for the assumed biological effectiveness of the different forms of vitamin A (table 1). If not otherwise defined in the reports, vitamin A was assumed for conversion purposes to be retinol, and carotene was assumed to be ß-carotene. When the vitamin A content of human milk was presented as total carotenoids, only the portion assumed to be ß-carotene was converted to retinol equivalents, because ß-carotene is the most biologically active of the carotenoids [17] . Since ß-carotene reportedly makes up 25% of total carotenoids in human milk [17, 18] , only 25% of total carotenoids were assumed to be ß-carotene for conversion purposes. When the dietary intake of vitamin A was reported in international units (IU), it was assumed that 50% was from retinol and that ß-carotene made up all the provitamin A carotenoids in the other 50% [14, 15] . This results in a conversion factor of 1 RE for every 5 IU of dietary Vitamin A activity. This general assumption was considered valid for most regions of the world except Africa and Asia, where vitamin A from animal sources (retinol) is only about 20% and 15% respectively. Thus, the conversion factor used for Africa and Asia was 1 RE for every 7 IU of dietary vitamin A.
Assuming nutritional deprivation to be most likely in countries with high child mortality rates, data from countries with higher child mortality (developing) were compared with those from countries with lower rates (developed). "Developing" countries were defined as those with a mortality rate for children under five years old (U5MR) of 21 or over, and "developed" countries as those with a U5MR of 20 or under [19] . Although it might have been useful to divide developing countries further into those with moderate U5MR and those with higher U5MR ( >=71), not enough studies on vitamin A during lactation were available from countries with moderate U5MRs to make meaningful comparisons (table 2) .
Reported values for vitamin A in human milk were divided by the time after delivery during which the samples were obtained (1-6, 7-13, or 14-21 days; 1-2, 3-4, 5-6, 7-12,1324, or >24 months). Levels were divided further by whether the birth was term or preterm (i.e., <37 weeks' gestation).
Assessing vitamin A status
The vitamin A status of individuals or of populations can be assessed using a dietary, clinical, or biochemical approach; a combination of these is considered most accurate [20] .
Dietary intake
Habitual dietary inadequacy is a useful early indicator of vitamin A depletion. Recommended dietary intakes (RDI), also called allowances, are used to measure dietary adequacy. The RDIs for vitamin A published by the FAO/WHO and the US National Research Council differ somewhat (table 3) . The FAO/WHO recommendations use a two-tier system in which the basal amount corresponds to intake that prevents signs of deficiency and the safe amount corresponds to that with an appropriate liver reserve (20 µg/g). The suggested RDI in the United States corresponds to the FAO/WHO's safe amount. The different recommended amounts for adult women refer to the different weights of the reference persons, 55 kg for women in the FAO/WHO report and 62 kg in the US report [17] . 
Clinical assessment
Clinical assessment includes documenting the presence or absence of functional signs of insufficiency. Early signs in humans are growth failure, loss of appetite, and impaired immune response with lowered resistance to infection [22] . Night blindness develops when liver reserves of the vitamin are nearly exhausted. Later, ocular lesions include conjunctival xerosis (abnormal dryness of the conjunctive), corneal xerosis (abnormal dryness of the cornea), Bitot's spots (triangular, shiny, grey spots on the conjunctive), and keratomalacia (irreversible corneal lesions associated with partial or total blindness) [22] . Collectively, these ocular lesions are referred to as xerophthalmia. 
Biochemical measurements
Unlike dietary and clinical assessments, which are subjective, biochemical assessment has the advantage of being objective. Biochemical measurements used to assess vitamin A status include the vitamin's activity in blood, the liver, and breast milk. Because more than 90% of the vitamin A in the body is stored in the form of retinyl ester in the liver [15] , a measure of liver stores is the best index [22] . Liver biopsies are impractical in population studies, however, and thus other measures are used. Biochemical indicators of vitamin A status are shown in table 4. In this table, measurements in the deficient range correlate with the presence of clinical indicators of deficiency (e.g., night blindness, xerophthalmia), and those in the adequate range correlate with the absence of these indicators. Although blood plasma is not technically the same as serum, the terms are used interchangeably in this report, as they are generally in the articles reviewed. It is assumed that the indicators for preschool children are valid for infants, and that those for adults are valid for lactating women, as no separate indicators for infants and lactating women have been published to date. Guidelines for assessing vitamin A status, as well as information on additional measurements, such as the relative dose response test and conjunctival impression cytology, are discussed elsewhere [17, 22, 25] .
Nutrient Interactions and other factors affecting vitamin A status
Vitamin A status can be affected by other nutrients and environmental and other factors. For example, it is dependent on an adequate dietary intake of nutrients such as fat, protein, vitamin E, and zinc. Dietary fibre appears to reduce the bioavailability of ß-carotene. Season affects the availability of many fruits and vegetables, and thus status in populations that depend on these foods for most of their vitamin A. Tobacco smoke, air pollution, and sunlight may affect vitamin A status by increasing the need for ß-carotene. Other important factors are stress, acute and chronic diseases, estrogens, age, sex, and race [22] .
Vitamin A status of infants
Because of limited placental transfer, newborns usually have lower serum retinol and carotene levels than their mothers [26, 27] . Several studies reported that preterm infants of less than 36 weeks' gestation have lower plasma retinol and retinol-binding protein (RBP) values than term infants [24, 27, 28] . Blood levels of retinal fluctuate during the first week of life regardless of dietary intake, probably due to fluctuating levels of RBP [29] . Until adolescence, the levels are about half those of adults (J. A. Olson, personal communication, 1992) .
The ß-carotene level in term and preterm infants at birth was only about one-eighth the level in maternal serum [26] . Human breast milk, particularly colostrum, contains very high concentrations. Thus the breastfed term infant attains serum levels of ß-carotenes comparable to those in the adult within four to six days of breast-feeding [26] . Breast-fed infants in Canada had significantly higher serum carotene concentrations than those who were fed breast-milk substitutes during the first three months of life, probably because the substitutes did not contain carotene [30] .
Liver stores of retinol are low during the early months of life, even in infants born at term. The preterm infant has virtually no such reserves and is at particular risk for vitamin A deficiency [7] . In wellnourished populations, the liver stores begin to increase between three and six months of age, and continue to rise through four years of age, whereas in poorly nourished populations the stores decrease throughout the first four years [31] .
Vitamin A status of lactating women
Along with ensuring adequate vitamin A levels in breast milk for the infant, improving the vitamin A status of lactating women may benefit maternal health directly. Recent studies in human subjects indicate that an adequate dietary intake of retinol and carotene helps to prevent breast and cervical cancer [32] [33] [34] [35] [36] [37] . Studies in animals indicate that vitamin A protects females from infections. For example, cows with mastitis had significantly lower serum retinol levels postpartum than cows without mastitis [38] . Vitamin A supplementation protected rats and mice against experimentally induced uterine and mammary gland infections [39, 40] . Supplementation with vitamin A and ß-carotene improved mammary health in dairy cows around dry-off (weaning) [41] .
Severe deficiency of vitamin A causes infertility or impaired reproduction in all vertebrate species that have been studied [42, 43] . In animals, the oestrus cycle is disrupted and the vagina becomes permanently keratinized. However, rather than ovarian dysfunction or failure of fertilization or implantation, the most characteristic results are foetal resorption, stillbirths, and congenital malformations [42] . Foetal demise apparently results from placental necrosis. 
Dietary intake
Few studies since 1975 report the dietary vitamin A intake of lactating women (table 5) . The weighted average daily intake by unsupplemented women in developing countries (660 RE per day) is less than half that of women in developed countries (1,540 RE per day). This is lower than the 850 RE per day safe level for lactating women but above the basal requirement of 450 RE per day recommended by the FAD/WHO).
Whereas several studies from developed countries [44] [45] [46] [47] reported mean daily vitamin A intakes that were lower than the 1,200-1,300 RE recommended by the US government [16], only one study of Canadian women [48] reported a mean daily intake below the FAD/ WHO recommendation of 850 RE. The reason for this particularly low figure is not apparent.
Most of the mean intake figures from developing countries, with a few exceptions [21, 49] , were well below 850 RE. Of interest is a study showing a substantial increase in dietary intake of vitamin A over time after delivery [50] . As might be expected, intake during the 24 hours before delivery was low, but it rose progressively until six months postpartum in both groups studied, and continued to increase until nine months in one group. It is unlikely that the increase was related to seasonal availability of fruit and vegetable sources, because of the length of the study. It is possible that the lower vitamin A intakes in the early postpartum period resulted from cultural food restrictions during this time, although this was not discussed in the paper. 
Biochemical measurements
Studies during the last 40 years reporting maternal serum (or plasma) levels of retinol, carotene, and RBP are summarized in table 6. Overall, the average serum levels of retinol and RBP in unsupplemented lactating women from developing countries were approximately 70% those of their counterparts in developed countries. The lower levels may reflect chronic poor dietary intake in developing countries, as suggested by the FAO [15] . Despite these large differences, the average levels of both components in both developing and developed countries were in the adequate range.
On the other hand, the average serum carotene level of lactating women from developing countries was about 35% above the average of women from developed countries. This may reflect the fact that most of their vitamin A intake was from carotenoids and/or be related to an insufficient intake of protein that is necessary to transform carotene into active vitamin A [51] .
Serum retinol
Serum (plasma) retinol levels decrease during pregnancy and increase to non-pregnant levels during the postpartum period [18, 42, 52, 53] . The increase to normal values occurs within 24-48 hours postpartum [50, 52] . The concentration of retinol in the serum of lactating women is not significantly different from that in non-pregnant, non-lactating women but is higher than that at term [52] . After the increase, there appears to be a slow decrease during lactation [54] [55] [56] .
Mean serum retinol levels in lactating women in developed countries, with or without vitamin A supplements, were in the adequate range (>300 µg/L) in all studies reviewed, with the exception of one group evaluated at delivery in Finland [27] . The marginal levels (296 µg/L) were probably related to the known decrease during pregnancy. On the other hand, several studies of lactating women in developing countries [50, 53, 57, 58] reported mean serum levels of retinol in the deficient range (<200 µg/L) or the marginal range (200-300 µg/L).
Serum carotene
The effect of parturition on serum carotene appears from some reports to be opposite to that of retinol. The concentration of carotenoids is reported to increase late in gestation [53] and to fall during the first three to six weeks postpartum [44, 52, 59] . However, this does not appear to be a consistent pattern [60] .
In studies of serum carotene levels in lactating women from developed countries, mean values ranged from 275 to 1,405 µg/L, and those from developing countries from 718 to 1,870 µg/L. Due to the small number of reports, it was not possible to calculate weighted averages at different times after delivery.
Serum retinol-binding protein
All mean serum RBP levels in lactating women from developed countries were in the recommended adequate ranges (>26 mg/L [22] or >=30 mg/L [61] ). However, two studies [50, 62] reported mean levels of 26 mg/L or less, but neither observed levels in the deficient range (<22 mg/L).
Plasma levels in Swedish mothers were significantly higher than in both privileged and non-privileged Ethiopian mothers [62] . In the latter group, 14 of 81 manifested values below 20 mg/L, and levels were significantly subnormal in both groups of Ethiopian mothers. This seems surprising since there was no indication that on average the vitamin A intake of privileged mothers was unsatisfactory, and there was even less reason to suspect other dietary insufficiencies in this group (e.g., protein deficiency) that may exert an influence on the RBP level. On the other hand, the low values in the privileged mothers were consistent with the simultaneously low vitamin A concentration of their milk [13] .
Vitamin A in breast milk
Retinol derived from the circulating RBP-retinol complex is transferred from blood to milk. Most of it is re-esterified in the mammary glands and occurs as retinyl esters in milk [42, 63] . Whereas most of the vitamin A activity in mature human breast milk is in the form of retinol (retinyl esters), some is provided by carotene. ß-carotene is stored in the mammary glands during pregnancy and is rapidly secreted into milk during the first few days of lactation [64] . Thus, carotene provides almost 20% of the retinol equivalents during the first day, but this drops to less than 5% by the end of the first week [13] . Unlike retinol, 0-carotene is a very effective antioxidant and thus provides the infant a defence against oxygen toxicity [26, 65, 66] . This may be particularly important during the first several days of life, as the infant adjusts to its new oxygen-rich environment.
The vitamin A content of human milk is significantly affected by maternal nutrition during pregnancy and lactation [67, 68] . The fat content of the milk, time after birth (postpartum age), gestational age at birth, parity of the mother, and individual variation also have an influence. The use of oral contraceptives is reported to affect the amount of retinol in human milk. Thus, it is important to consider these factors when evaluating milk vitamin A levels.
Effect of maternal status on vitamin A levels in breast milk
Relatively few studies compared breast-milk vitamin A levels with the intake of retinol or retinol equivalents by lactating women, or directly compared the breast-milk concentration in well-nourished and poorly nourished communities. According to several authors, the amount of vitamin A in milk decreases with maternal deficiency of the vitamin and increases with excessive intake [12, 42, 57, 62, [69] [70] [71] [72] . Also, data on maternal serum retinol and body mass index (BMI) were positively associated with milk retinol level in a multiple regression analysis of data on 153 rural Indonesian women that controlled for milk fat content [56] . Thus heavier and presumably better-nourished women had higher levels than thinner women who were less well-nourished. However, no association was seen between maternal intake of retinol and carotene and the corresponding values in the milk of well-nourished Canadian women [48] , probably indicating adequate liver stores.
Overall, there are considerable differences in the vitamin A (retinol plus §-carotene) of the milk of unsupplemented mothers in developed countries and developing countries (table 7). The range of retinol in presumably well-nourished women in developed countries was about 330-1,130 RE/L, and the range of carotene was about 10-65 RE/L. In developing countries, the corresponding ranges were 170-790 RE/L and about 40-47 RE/L. During the first six months of lactation, the retinol content of mature milk from mothers delivering at term averaged approximately 660 RE/L in developed countries and approximately 330 RE/L in developing countries. (It was possible to compare the vitamin A content of human milk only during the first six months of lactation, because no information is currently available after that time.) According to the Institute of Medicine [12] , infants who consume human milk that provides 100-151 RE grow well and do not show signs of vitamin A deficiency. Thus, even though the retinol content of milk from mothers in developing countries averages about 50% of that of mothers from developed countries, it is sufficient to meet infant needs, not even counting the equivalents from carotene. Weighted averages are derived from data summarized in ref. 13 and include only mothers who delivered at term. Only studies that specify the number of subjects, whether birth was term or preterm, and the time after delivery are included.
Comparison is possible only for the six months postpartum because there is no information on the retinol and carotene content of human milk in developed countries beyond that time.
The carotene content of human milk appears to be affected by maternal dietary intake and nutrition status. Approximately 5% of the vitamin A of breast milk in developed countries comes from carotene, compared with over 10% in developing countries. The higher proportion of ß-carotene in the milk of disadvantaged Ethiopian women than in the milk of those of higher socio-economic status may have been due to inadequate esterification in the mammary glands [62] . It could also reflect a higher dietary intake of carotene compared with preformed retinol.
Non-dietary Actors influencing vitamin A levels In human milk

Fat content
The level of vitamin A in human milk is associated with its fat content, as was clearly demonstrated in classic studies conducted in the United Kingdom [59] . The fat content of milk is in turn affected by the time at which the sample is taken during a nursing session, the length of time between sample collections, and probably also the percentage of maternal body fat [12] and parity [73] . Thus collection procedures, as well as maternal nutrition status, are important variables.
Because it is higher in fat content, hind-milk contains more vitamin A than fore-milk [59, 60] . There is also evidence that the longer the time between nursing sessions, the lower the fat content [12] . Therefore, the procedure used to collect samples should ensure that both fore-milk and hind-milk are included, and should take into account the length of time between samples. Thus, to obtain accurate vitamin A levels, it is necessary to apply proper sampling, extraction, handling, and storage procedures as well as a sensitive and selective detection system [12] . Unfortunately, specific methodological information on how the milk samples were obtained was not always available in the studies reviewed, particularly those performed many years ago.
Studies conducted in communities where maternal undernutrition is prevalent furnished evidence indicating that the percentage of maternal body fat may influence the concentration of fat in milk [12] . Milk fat concentrations in the Gambia [74] and Bangladesh [75] were positively correlated with maternal skinfold thickness and decreased over the course of lactation. This positive relationship between milk fat concentration and body fat (as a percentage of ideal body weight) was also noted in women in the United States in late lactation (6-12 months) but not in early lactation [76] . Highparity (>10) Gambian women had a decreased capacity for total milk fat synthesis and thus lower milk fat concentrations [12, 73] .
Of interest is a study reporting that the milk of lowincome Egyptian mothers with sick infants was inferior in quality with respect to both lipid and retinol content [77] . A significant correlation existed between the milk retinol and growth of healthy infants, which was attributed to the higher lipid and thus higher energy concentration of the milk. Insufficient information was available to determine the average level of retinol per gram of fat in milk from the two groups.
Time after birth
The vitamin A content of breast milk changes over time to meet the changing needs of the growing infant. It is particularly high in colostrum and decreases over the course of lactation, with the rate of decline greatest during early lactation. There is nearly a 50% decrease over the first month, from an average of about 1,650 RE/L to about 700 RE/L in developed countries, and from about 1,250 RE/L to about 550 RE/L in developing countries. After that time, the decrease is much more gradual (table 8) . The values in table 8 are somewhat different from the overall averages reported in table 7 because the overall averages included studies conducted during the first six months of lactation that did not specify the particular month that the milk was taken.
The FAO/WHO recommend a minimum of 180 RE per day for infants to meet basal needs. To allow normal liver storage of vitamin A, however, 350-375 RE per day is preferable throughout the first year of life and 400 RE per day during the second and third years. Thus, under conditions of relatively good maternal health and nutrition status in developed countries, mature human milk alone provides considerably more vitamin A than necessary to allow liver storage for at least the first six months of life, and probably for at least the first year; however, because of the lack of data on the vitamin A content of human milk in developed countries after six months postpartum, this cannot be known with certainty.
Even in presumably more poorly nourished populations in developing countries, human milk alone provides sufficient vitamin A activity to prevent clinical deficiency throughout the first 12 months of life. However, the average amount in milk is not sufficient to allow liver storage after about six months of lactation, even when both retinol and carotene are counted.
TABLE 8. Retinol and carotene concentration in term milk of unsupplemented mothers according to time after delivery, and average daily intake vitamin A by breast-fed infants
Time after delivery Vitamin A concentration (RE/L)a Breast milk intake ( L/day)b Vitamin A intake (RE/day)
Retinol Carotene Retinol + carotene Retinol Retinol + carotene
Developed countries Of course, these are only averages. Some low-income populations may provide insufficient amounts earlier than that time [81] and other populations later [13] .
Breast milk continues to be one of the most important sources of vitamin A in the infant's diet in developing countries throughout the second year, supplying a daily average of approximately 140 RE of retinol, or 160 RE of retinol plus carotene, from 13 through 24 months.
Gestational age at birth
Only four studies were located that reported the vitamin A content of preterm milk, and all were conducted in women in developed countries [47, 48, 82, 83] . Two of the studies [47, 82] contained apparent typographical errors in the units used to report the values. These were corrected [13] , and the corrected values were included in the calculation of the weighted averages presented in table 9. However, to be sure that these weighted averages were correct, all were recalculated leaving out the originally reported values. As the recalculated averages were similar to those that included the questionable values, all four studies are shown in the table.
Preterm milk contains higher concentrations of vitamin A (retinol plus carotene) than term milk during the first two months of lactation, according to the weighted averages presented in table 9. As in term milk, the concentration decreases over the course of lactation, from an average of about 1,850 RE/L during the first week to about 1,250 RE/L by between one and two months postpartum. However, the rate of decline is not as great as in the milk of mothers who deliver at term.
The higher concentration in preterm milk appears to complement the lower stores of preterm infants. Although the average milk volume ingested is considerably less than that of term infants, preterm infants appear to receive a similar amount of vitamin A daily because of the higher concentration. The average amount ingested by preterm infants per day is adequate to meet basal needs (> 180 RE per day) during the first week, and well above the recommended safe level (> 350-375 RE per day) from the second week through two months of age. After that time, it is necessary to refer to information on the vitamin A content of term milk as no data are available beyond two months. 82 . Data are for premature infants all 632 weeks, gestation; average birth weight is not available, so 1,500-2,000 g is assumed on the basis of the 50th percentile for 30-32 weeks, gestation [85] Volume is expressed volume and so is probably somewhat higher than actual intake.
Other non-dietary factors
Parity appears to affect the retinol and carotene levels in human milk. It was negatively associated with milk retinol content in a multivariate analysis of data on 153 rural Indonesian women [56] . This negative association may be related to the lower milk fat concentration associated with high parity. On the other hand, multiparous mothers in the United States had significantly greater mean colostrum carotenoid concentrations (363 RE/L) than did the primiparas (190 RE/L) [64] . Individual patterns in secreting vitamin A into breast milk are retained throughout lactation [60] : 7% of the samples measured had consistently low levels of vitamin A (<490 µg/L); 15% had consistently high levels (>1,000 µg/L). Consequently, infants with a constantly low vitamin supply over a long period of exclusive breastfeeding are exposed to a high risk of vitamin deficiency. On the other hand, mothers secreting vitamin A during protracted lactation might be themselves at high risk of deficiency if not adequately supplemented [60] .
Both heat and light can decrease the vitamin A content of expressed human milk. Heating milk samples, as in banked milk, reportedly decreases the retinol content by approximately 25% [60] . Up to 70% of the vitamin A in human drip-breast-milk samples was destroyed during controlled exposure to daylight, either in translucent plastic bottles or where the milk was pumped through nave-gastric tubing from a syringe to mimic the conditions of enteral feeding [86] . Losses were also observed in milk that was exposed to standard phototherapy illumination under conditions similar to those encountered in the nursery ward. This may be of particular concern for hospitalized newborns who receive phototherapy for jaundice, particularly for those born preterm or with low birthweight, whose carotene stores are low.
Effects of maternal vitamin A supplementation
Assuming average liver stores in well-nourished populations, the retinol requirement during the first year of lactation can generally be met without increasing vitamin A intake above the normal adult female level. However, vitamin A reserves vary greatly among women and may be precariously low in those whose habitual intake of the vitamin is marginal [12] . For a woman with much smaller stores than normal whose diet barely meets her own requirement, loss of the vitamin in milk could theoretically deplete the stores within a few months [12] .
To avoid maternal depletion, therefore, increased intake of vitamin A is suggested during lactation. The National Research Council in the United States recommends an additional 500 RE per day during the first six months of lactation and an extra 400 RE per day during the second six months. The FAO/WHO recommends an extra 350 RE per day throughout lactation. These recommendation are based generally on the expected secretion of retinol into human milk [16] .
Lactating women suspected of having low vitamin A stores and/or those unable or unwilling to increase their dietary intake would be expected to benefit from supplementation. Since the concentration of vitamin A in human milk is dependent on the mothers' status, their infants would also be expected to benefit. Potential toxicity from high-dose supplements given directly to the infant is also avoided.
Toxicity considerations
When ingested in large amounts, retinol causes toxicity, including liver damage, bone abnormalities, desquamation, alopecia, diplopia, vomiting, and headaches [15] . It also can cause spontaneous abortion and birth defects, such as deformities of the cranium, face, heart, thymus, kidneys, and cerebral nervous system [15] . Toxicity usually begins to occur in infants with daily doses of 6,000 RE (20,000 IU) and in adults at daily doses of 7,500 RE (25,000 IU) for a prolonged period of time [15] . Birth defects attributed to vitamin A have been reported in the foetuses of women ingesting 7,500-45,000 RE (25,000150,000 IU) daily early in pregnancy [15] . Because of the risk of such congenital malformation, women who are or who might become pregnant should carefully avoid taking supplements exceeding 3,000 RE (10,000 IU) [15] . Except for the livers of mammals and fish, foods consumed in usual quantities do not contain sufficient quantities of vitamin A to induce toxicity. Large quantities of carotenoids in foods may cause some coloration of the skin but are otherwise harmless [15, 16] .
Impact on maternal vitamin A status
Whereas massive doses of retinol cause a short-term rise in serum levels in lactating women, the effect of lower-dose supplements appears to depend on the woman's initial status. A number of studies showed a positive impact of supplementation on serum vitamin A levels of lactating women of low socio-economic status assumed to have poor nutrition status [50, 56, 87] .
Impact on vitamin A in milk
The efficiency with which vitamin A ingestion by well-nourished mothers is transferred to their milk is not readily defined [16] . However, in vitamin A-depleted women and those with continuous low intakes, dietary supplements generally increase the concentration in milk [16] . These studies are reviewed elsewhere [13] .
Since the concentration of retinol in breast milk is generally higher than in the mother's blood, it is assumed that the mammary glands possess active transport systems. However, the absorption capacity of the mammary glands seems to respond to vitamin intake only up to saturation, thereby protecting the infant against vitamin overdose [60] . Although the vitamin A concentration of colostrum or milk can be increased about fourfold by promptly loading the mother with high-dose supplements, the resulting amount secreted into breast milk is nowhere near the 6,000 RE per day toxic dose for infants. Even with daily maternal high-dose supplements ranging from 15,000 to 60,000 RE (50,000-200,000 IU) for several months, the retinol content of human milk remains well below the toxic level [69] .
Strategies to control vitamin A deficiency
Several strategies have been recommended and/or employed to control vitamin A deficiency. The relative cost, time course, and sustainability of various approaches are reviewed elsewhere [88] [89] [90] .
Promotion of breast-feeding
Improving the vitamin A status of lactating women, encouraging exclusive breast-feeding for four to six months of life, and adding appropriate vitamin A-rich weaning foods after that time while breast-feeding continues are important strategies for improving the vitamin A status of infants and young children. Because of the precarious status of preterm and small-for-gestational-age infants, their mothers should receive particular support to enable them to provide their own milk to their infants.
Breast-feeding throughout the infant's first two years of life, with the addition of vitamin A-rich foods to the diet by the age of six months, is particularly important in developing countries where vitamin A deficiency is a recognized public health problem. A study of 2,687 children six months to three years old in Bangladesh reported a 74% reduction in the risk of deficiency among breast-fed children after controlling for a large number of confounding variables [11] . The estimated reduction of risk did not decline with age, as children between 24 and 35 months who were still being breast-fed had a 65% reduced risk. Breast milk proved to be the most important source of vitamin A and fat for rural West African children over one year of age [91] . In rural Bangladesh, when breast milk was not counted, the only dietary recalls that averaged significant amounts of vitamin A were those of children above the age of one year during the mango season [21] . The 14 children between the ages of seven and twelve months who had completely stopped breast-feeding had an average intake of only 3 RE of vitamin A daily. In other words, in the absence of breast milk from their diets, these children received almost no vitamin A. In addition, the younger the age at which breast-feeding was stopped, the more inevitable was the deficiency.
Maternal vitamin A supplementation
The goal for the period of lactation is to maintain the highest vitamin A concentration in breast milk that is compatible with homeostatic control mechanisms [92] . When the woman enters the lactational period in a deficient state and it is not possible to ensure improvement in her dietary intake, the WHO and UNICEF [93] recommend treatment with a daily oral dose of 3,000 RE of retinal for two weeks.
When continued contact with the lactating mother is unlikely, large doses of retinol (200,000-300,000 IU, 60,000-90,000 RE) may be safely given at parturition or within the first postnatal month [92, 93] . This dosage will maintain maternal blood and milk vitamin A levels in the normal range for at least three months and perhaps longer [56] . There is no evidence of risk of toxicity to the mother (except for occasional reports of transient symptoms after high dosing, such as headache, nausea, or vomiting) or her nursling through any of these approaches [92] . It should be noted that smaller, more frequent doses of supplemental vitamin A by fortification of food will achieve similar objectives and be without risk [92] .
High-dose supplementation should not be given to lactating women beyond the first postnatal month when there could be a risk of another pregnancy. Beyond that time, supplemental daily dosages of 3,000 RE (10,000 IU) or less will benefit mothers whose diets are inadequate in the vitamin and perhaps better prepare them for a subsequent pregnancy [92] .
Nutrition education to increase intake of vitamin A-rich foods Supplementation is one way to increase the vitamin A intake of deficient lactating mothers and their infants, but dietary modification to increase consumption of vitamin A-rich foods is considered the safest and most sustainable long-term measure. Only small amounts of these foods are necessary to meet daily requirements (table 10) .
In many communities, vitamin A-rich foods are under-used in the diets of vulnerable groups, particularly weaning-age children and pregnant and nursing women [2, 21, 95] . Often the least costly and most available green leafy vegetables may be bland, slightly bitter, or too fibrous and therefore considered inappropriate for infants and young children. However, boiling, mashing, straining, and mixing the vegetables with other well-liked foods can make them palatable and digestible [2] . In Indonesia, mothers who claimed that their children never ate greens were asked why this was so. Apart from the category of "other reasons, " the majority of mothers with children under two years old thought greens were unhealthy ("too strong") or did not know how to prepare them for young children [95] . These studies suggest the need for social marketing for effective nutrition education. Data collected in Africa suggest that the major supplier of many micronutrients, particularly vitamin A, is the household or community garden [2] . Most populations at risk of developing deficiency appear to receive most, if not all, of their vitamin A from carotenecontaining fruits and vegetables, many of which can be grown in home and community gardens. Such foods tend to be seasonal, but because vitamin A is stored in the body, intake at levels many times the normal daily requirement can ensure adequate liver stores to cover those times when the foods are unavailable.
Food-preservation and cooking methods can reduce vitamin A activity if vitamin-rich foods are subjected to high temperature and sunlight. Cooking a food item whole and then mashing or cutting it is preferable to cutting before cooking. Boiling is preferable to frying, and air-drying food protected from direct sunlight is better than air-drying food directly exposed to sunlight [2] . Properly solar-dried mangoes retain a markedly high level of ß-carotene and can be stored for as long as four to six months without losing their nutrient value [96] .
Summary
The vitamin A status of most newborn infants is marginal, and those who are born early and/or whose mothers have inadequate vitamin A intakes appear to be at particular risk. In many growing children, the reserves can maintain optimum amounts for no more than a few weeks. Colostrum and transitional milk are particularly rich in vitamin A to complement the low liver reserves of newborn infants. The vitamin A concentration in breast milk during the first two weeks of lactation is nearly double that at one month. Preterm milk is even higher in vitamin A concentration than term milk during the first several months, which is significant considering the particularly low vitamin A liver reserves of most preterm infants. Although vitamin A concentration in human milk depends on the mother's status, deficiency is rare among breast-fed infants, even in parts of the world where the deficiency is endemic. The protective effect appears to continue after breast-feeding is discontinued, presumably because some of the vitamin A provided by human milk is stored in the infant's liver.
The average daily dietary intake of vitamin A by unsupplemented lactating women in developing countries is less than half that of women in developed countries but still above the basal requirement recommended by the FAD/WHO. The average serum levels of retinol and RBP in unsupplemented lactating women from developing countries are approximately 70% of those in unsupplemented lactating women in developed countries. Yet, despite these large differences, the levels are in the adequate range.
Related to the differences in maternal vitamin A status, there are considerable differences in the vitamin A activity (retinol plus §-carotene) of the milk of unsupplemented mothers in developed and developing countries. Under conditions of relatively good maternal health and nutrition status in developed countries, mature human milk alone provides considerably more vitamin A than necessary to allow liver storage for at least the first six months of life, and probably for at least the first year; however, due to the lack of data on the vitamin A content of human milk in developed countries after six months postpartum, this cannot be known with certainty. Even in presumably more poorly nourished populations in developing countries, human milk alone provides sufficient vitamin A activity to prevent clinical deficiency throughout the first 12 months of life. However, the average amount in human milk in developing countries is not sufficient to allow liver storage after about six months of lactation, even when both retinol and carotene are counted. These are only averages; some low-income populations may provide insufficient vitamin A to the infant in breast milk earlier than that time, and other populations later. Breast milk continues to be one of the most important sources of vitamin A in the infant's diet in developing countries throughout the second year.
Despite the relatively lower levels in the milk of mothers from developing countries, breast milk is still the major source of vitamin A in the diets of their infants and young children. Thus, it is important to improve maternal status to increase the vitamin A content of their milk. Lactating women suspected of having low stores and/or those unable or unwilling to increase their dietary intake of the vitamin would be expected to benefit from supplementation. Since the concentration in human milk is dependent on maternal vitamin A status, their infants would also be expected to benefit, and potential toxicity from high-dose supplements given directly to the infant could be avoided.
Improving the vitamin A status of lactating women, promoting the use of colostrum, encouraging exclusive breast-feeding for four to six months of life, and adding appropriate vitamin A-rich weaning foods after that time while breast-feeding continues are important strategies for improving the vitamin A status of infants and young children. Because of the precarious vitamin A status of preterm and small-for-gestational-age infants, their mothers should receive particular support to enable them to provide their own milk to their infants. Breastfeeding throughout the first two years of life, with the addition of vitamin A-rich foods to the diet by six months of life, is particularly important in developing countries where vitamin A deficiency is a recognized public health problem. Health care workers, traditional birth attendants, community leaders, and the public need to be educated about this information so that breast-feeding will be promoted.
